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The photo-induced graft polYl1lerization of methyl mcthacrylate (i\'IMA) 
to collagen was carried alit in aqueous methanol \vithout photoscilsitilcr 
in the prc~CIlcc of air u,ing dircd sunlight as a light source. Direct sunlight 
of wavclengths longer than ]t10 nOll was efrcctive as light source and !(rarting 
proceeded Vl'r\' rapidly and efTiciently after an induction period or. an hour. 
The percent grarting, cflicicncy of grarting and the aver:lgc molc.cul:lf wcights 
of grafted br,\I1<:l1c5 wcn: found to be higJiest at .the lower methanol conCCIl-
trnticins. 11,;\':,\,\: ... grafting frequency values were almost identical after 
a particular illicl'\'al or til1lc and increased with polYl11crilation tillle. 
The successful grafting or pnlymers onlo 
cnllagen involves a free radical mechanism 
by means of which activated sites arc 
produced 011 the peptide ch;1ins of coliagcn. 
Frec rad ica I~ arc c I cct ron-deficien t systcms 
'and because of their c:dremc reaclivily 
initiate polymerization or vinyl monomers. 
They may be produced on the peptide 
backbone in a variety or ways such as 
chem i.cal;.redox systems ami (adiation 
metliocls. The properties of graft copoly-
mers' dq1end on such factors as the 
monomer used," the type or initiator used 
;Ind the mnlccul:lr wcighl or gr:lI'tcd 
polymers.' The init ialion or frcc-radicals 
by me<'1ns of oxidising (1gents ,uch as Ce· 1 
:lnd f\'1n' ,. whi'ch arc C1P:lhlc or attacking 
collagen directly has b':cn studied ttl· 
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detail.'·-' Other chemical-redox methods 
atld photo-induced irradiation methods 'Q." 
have also been investigated in order to 
compare the clTeet of thc dilTcrent initiating 
systems on the composition of collagen -
vinyl graft copolymers. 
Sunlight-incluced graft copolymerizution 
of vinyl monomers onto wool and nylon· 
fibres has been reportcd by some investi-
gators.'2.0~ Since sunlight is abundantly 
available in Inoia, it was thought pertincnt 
to stitely thc photo-induced graft copoly-
merization or vinyl monomers onto the 
collagen backbone in relation to chcmical-
redox mcthods and irradiation methods. 
In this paper, the preparation of collagen-
methyl methacrylate (M MA) graft copoly-
mers and the elfects of various experimental 
factors, such as time and methanol conCC\1-
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(ration 011 the composition i or the ;;rilrt 
copolymers have been invesligflted. 
! 
Ca/C/I/aliolls 
I 
EXj)cri mcnta 1 
AIalerials 
Collagen : 
II fO/loll/cr 
Ellz)'l1/c 
I Collagen prepared frOIll tile 
I , 
middle eoriulll ofj hufLiI'o hld(" 
was used as tlJ~: source ur 
insoluble llbre sub~lrate, 
Methyl methacryll;ltc (MMA) 
oblained frol11 R(lhlll &. lIaa~. 
USA was purified i by standard 
methods as tlescribed earlier,"", 
I 
Pronase, H-grade (tal-Bi?chclll, 
USA) was used witlflOut furlhcr 
purification. Olhdr chemicals 
I 
used were reagent gr-acle. 
, 
G rafl ill g {i ro C(' d II re 
The gr~lft copoIYl11erjzali(ll~ rcactions 
Thc, percent grafling, thc cn1eiency of 
gral'iing, rate of grafting and the number 
of grafting,sites were calculated according 
t () : 
I 't, r',', 'il { 
1.~ r;lltllll! 
ElliciCIIl'Y 
()I" g!"di"t ill!:, 
TOlal \I-eight or grafted 
c('JpoIYl11cr wcight of" 
L"ol/agcll ',' 
WciL:h I "I" col/ape 11 
Weight of PMMA 
100 
.. ---------.- gral'ied X Ion 
we i g h t s(; (--P~1i\fA 
gr;!lll'u and hOlllo-
pu I y 111 L'I' 
l\"lc or gr;d'tillg in ',:,',/111', was eOilvl"J"led III 
I~p by lise of tllc eljuatioll 
'X./hr /: a x mo/c 
wI. or 1l10IH_)lller 1 
------------- )( '---1(1) ., ~GO() 
mulc/I;,,'c, 
\\'i!,'!"c' ',,' is g, 01" col/a!!.(:11 pl:r lilre: or 
\llOIWlllcr - water - eol/agcll mixlure, 
No, or 
gr;!I"t i Ilg 
si tcs 
\Veight or I'Mi'vI.I\,' 
Mpl \\'1, of PMMA 
\\:';:-;-;-;-T;-I----;;"-'--ilScCi ell Iia '~:'11 
11"111. lVI, or collage!," -
hO/II/io/ II( poly (111('//1.1'1 II/t'lhacrylale) side 
"/il/illl" 
wcre carricd oul in rOllnd bO!!011lcd s'ing!c-
nccked flasks of one litre cL p:1cilY and 
filtedwililaglass stopper, in t!he presence 
of air, The collagen I)(;wder whs disl)Crc:cd 
in aquC()IIS Illethalhl/splutionil n which a 
"11(1\\,11 qll:ll1lily or 111()1'llnjn (illelllvi 
mcthacrYlate) was added. SUIlII,l'ht irradi;I-" 
tion I\'a~ carried oul interilliltdlltiv 0/1 the 
roof" ;It ("~'ntr;" I,calher I{nt'a+.:h "111.'jlilllil' 
durillg 111(: daYlime ()I" lille d;iY~ ill .Iuly, 
The reaction flasks were oec<).sioh,lIly s!tirrcd 
and the reaclion was allowed i to proceed 
for <idillite in-terv;Jls of I timc, The 
tl'll1pcr;ltllre pr the reactioll Illixilirc W:1S 
Oecas iOlla I'X noied. A fter the i irrad i,lt !on, 
the products were separaled by filtqlllOIl. 
washed with distilled water ani.! extraCled" 
'I'll,' ,:cr:!I'lcd I'~,IM!\ \idc cl!;li;','; Wt'll' 
isola led (rom collagen truilk by acid 
hydrolysis wilh hydrochloric acid and also 
by di!'c,1 iUIl with prOIl<1Sl" "ccordi!'g to the 
pr(lcl'dllrcs given ill our l':I!"iin papers."':' 
, I 
wilh appropri<:te organic solvent's to r,Cl11ove 
I -loosely bound homopolymer, The homo-
polymer \\lhieh cOllldnol be eX:lracte~1 was 
considered as the grafted polymer, 
I 
354 
lHo/ecu/(/r weighl deler/llilla/iolls 
The intrillsic, viscosity of the PM/vIA 
gr<lf"ls iwl<l(cd by ilcid hydrolysis was 
dc(ermined ill bcnzcne at JO"C using 11 peL 
suspended levci dilution viscomeler. Thc 
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nll 111 her I :l\'u<lge molecular weight was 
l.';I!clllalcd i'rul11 thc eqllation" 
Fig,~" 
, 
• I l"1 iq,,) >-: I () ,. K1 II.'" '.[111
,. 
..::1...\. ' II 
'~~ I l"lIll1lv:r ;1\'l·r;.1~C degree or polYI11l'ri7,ation 
(Pnl ?1'!I'IV\tvlA W~IS cnleulatec! rrOI1l thG 
II',:, IllSlt: ',"I:.n),lly III C<ISI.II'l'll III ht.:ll/cnc at 
life hyjl;sill g the following eCW;llilln'" 
lo!! I'll r 33.:1(, -+- J ,32 I('g ['11 
'\/'1·(!,.;,/i 1I1"(i,l'lI/'('IIICII!S 
I 
The i,I:"'rared spcctra wcre'recorded on a 
I't:rkin-,LEll11cr lVlodcl 337 grating infrared 
, II 'I I' ' ' ~p('nr(lp 1<)[(II11elcr In t lC 01'111 n! pot.asslum 
broillid~ (Kllr) pellets as reported earlier." 
ilcs\J\(S t~ :~)iSCIiSSiOJl 
t' 1 Iff', 
.)0 I'<'II! Ie ecls,' 
T'lle j r~sulls of photo-induced gran 
C(11'11 h'mcriz.;ltion of MlvlA on co\l;lgen in 
, I ;Iqut:ous ,I"lut i(1n5 containing 50 and 20 
\,plull1e! percent J'vteOI-! as mediulll arc 
~;h()\\n I in T;lhlcs 1-3 and Figs. I & 2. 
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I'lols'of molecular weight or gral'lcu PMMA 
;\1,,1 nlIlllber or graflill\: sites vs. grafting time for 
grafling of Mi\1A onto collagen. Higher methanol 
Cl1 \1Ccnlration (0), lower mcth ,Inol concentra-
tion (0). 
As call be seen ['rolll Table 1 and Fig.l, 
with increase in the amount of water the 
1\1(l1\()J1lcr conversion to polymer was much 
higher ul\lj~c ill the case or more methanol 
and less water. Il IS likelY that the 
prcscnce or water in thc systcm \cads to a 
strong, dipole association _ and dispersed 
water molecules increase the hydroxyl and 
peroxide centers thereby increasing grafting . 
Perccllt graftil!g alld grafting cj]icifllCY 
The percept grafting and the elliciency or 
grafting were observed to be lower with 
the higher concentration of methanol 
(Fig. I , Tables I & 2). Allhough the effici-
ency of grafting was found to remain 
constant the percent' grafting increased 
with grafting time for both the sets or 
experimcnts and reached a limiting value 
after 5 hI'S. Tn both the cases, only traees-
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TAULE .1 
Elf,:L'l of Irradiali')11 time on the Moleclliar weights of grafted 
Poly (1'.1 1'.1/\) brancllcs alld on the 'nllJ11ber of grafting sites 
.';a III" Ie 
No 
/rrlldi{ll i (11/ 
lilll(, (Ii,.) 
C;·,.o(I;IIJ: 
(',' .. j 
11I11'ilisic 
I'i.l'("(I.I'i./.I' 
( II) 
Mol. 11'1. of graf-
led i'A{'HA 
cli{lill.\" !II :< 10 " 
. Degree of 
• 1'01.1'111/1 
/'11 X Jr;' l 
. No. of graltillg 
siles III ole/III II II" 
--- ------_._-----
..... --.-----~-----.~.-. _ .. " 
-----.- ----_._--_ .... __ .. -
I . :-;25 
2 I" ,17 7. g 
:I 14 X~ '.1 0 
4 2(; 54 :I , () 
5 .IX 4') .\ 0 
10 :14 25 2 ~ 
I) 6~4 
2 .I~~ 4K (1' • () 
:Is 
... ~ 
.~ ,to 15 (, 0 
4 7- ~:(.J 
(, I) 
S Si' .:17. (, I 
j() ,\.;() -;, " 
() 
r.:. 
-" _.- _._", .. -'-' -" .. -.- .---~ .. --' 
of PMMA homopolymcr were rOllnd as a 
milky su~pcnsloll III solulioll; however, 
part or the polymcr formed ill~ide the 
collagen fibres could he cxtr;lcted with Ihc 
~olvcnl for lilt; 1)()Il1(1poIYilll'r. V{illl 
illcrcasing percellt I~rarlcd po I ylllCI", Ihe 
formation or ll<llllllj1oIYIlIl.:r al;,(~ wa') 1'(11111<1 
til be illnc:lscd, The ,L~r;lrt c(JpoIYlllcri'i:ltion 
reaction was accoli1r,;tnied by an il1lludillll 
periud of nile hour and proceeded gr:lclu;dly 
to altain approximately 35'>:,,<lnd ):\5'\:, ,l!r;lrting 
a I 5 O'J(~ a n J 20',.:;, III e t It a Ill) I COil C e n t I' a I i I) 11 S 
respectively, 
I'dolerula,. ll'eif;hl.l' of grafted bral/ches 
PMMA side chains were i:,olatcd for 
molecular weight determination frol1l the 
tollagen trunk IJilIYlllcr hy dil~C';tillg Ihe 
collagen Hbres wilh (.N hydrochloric 'Icid. 
The number average molecular weigh Is of 
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.-. -- -------.-.... ------.. -----.-----------~------.-
the gr~irtecl chains were ,)1' the order 'Olr :1)' 
and remained constant surprisingly thru\lgil 
different inlervals of grartil1g Crable :q. 
I\s cOIl1j1,lrcd \'.'ilh the Sv.;tC111 C(ll1t;linill.". 
50';:', 1'.1<.:011, 20):, iYh:OII g;t\',: Ili!'.l"r 
l1lolecular weights (Tabk 3 :lnd l:iL' .. 21. II 
IS Iherefore. appiHcll1 111;11 1I1(.'tll;III,1I 
i Illlul'llcc;; liI<'propa)!.;11 j, 'II .1'\';.:,'1 il.)I·,', ,>I 
grafted PUIY;llcr radicd~. [Vlelh;ll,,)i :', 
hydrophilic lIild so ahle 1\) di-;<;I)I\T 1\li\1-\, 
Therefore it is rC;lsonllhlc t() SllPP()<;\~ ,·II;! I 
III 0 11 0111 e r s () III b iii tic sill c r L;t sci 11 111 t:l h ;l1H' 1·-
water solutions 10 stimulatc mOlllWlt:r 
supply for tile: growing radicals and iin;lily 
to increase the molecular \Vt'i~,ltt. ,Oil ti)\' 
olher hand, at lhe "i~)h~r. m:ti;;llwl 
concentration (50',::,) acc:icralion Iii th,.: 
elwin-transfer react ion>; \:lke place 1'1'(1111 
the radic(1l~ and the molecular weight drl)j)< 
owing to the activated terminatioll rC:lcl-
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lOllS. MallY illvcsliga!ors'1 have also reporled 
lhal grafl coPolYI~lerization of villyl al higher mcthanol eOllccntr;J..lion may be due to dilution clrcct of monomer In 
addition to chain termination reactions. 
Allhollgli thc rate of forinatioll of grafts 
was varying in cach systcm, almost the 
same' Illlinber of warts W<lS 1I11imately 
obtained ror botll lh~ systems after ;"~­
specific pcrilld oj' timc. 
, , 
1ll01l0111erS onto eeiliulosc lIsing :rradiatioll 
methods was impossiplc at IOO,};, concclltra'-
t iOIl melhanol. It \V~s alsp suggested lha t. 
ill some cases theorgalli~~ solvellts" 
themselves inhibit pl~oto-ihdlh:'~d readi(lils. 
The degree of polymeril.:! I iPIl also f()II(lI\'l~d 
the samc trend (Tahl;c J), ' 
I 
NIIIII!Jer oj' graFtiJlg sites 
It call bt: seell (Tal?k 3 ;'1 lid hg. 2) lil;,1 
Ihe calculaled V;IIU('slf'or gr:lrlillg /"rl'(jll("II,',1 
rcmain COIlSI;11l1 fUli Ihe two fllclll:III\,1 
cOllcelilrations II'hClfeas.: the fllO/ccllhlr 
wcights of Ihe crafted PMI\'IA chaills 
showed widc va;i:llticln.' This jndiL'<lIc.~ 
I 
that the actual ,nlllllb,y or HtvlMA hrallL'IH'S 
per !ll()k tIl coll;I!.'.l' n eli;llll rc 111;1111:'; 
ullcilaliged but graflFI cliains or slwi'lcr 
lenglh has b:::en rOllnd in Ihe cas(: uf' 
hi~hcr melhanol eoncblltr~ltions. The \I'ilk 
va7-i<lt ion of the rnolbeular! wcir!/I!s or 111..: 
" ., 
!;rafled chains can be seell frolll 'Llblcl 
' I I ... · '2 Tl I I ' I" I ' (Ill( ~Ig. . ,1e (ecreasc In I. lC Ino celll"r 
1 
weights of grafted rfIM0! chains wilh ,III 
incrcase in the volullle ot mcthanol IhCd 
, 
could /)t: duc to an iincrdscd dilulion or 
, I 
the monomer as well as 
1 
chain-tcrminating ability 
to an illcrea~cd 
of the SOIVl'lll , ~ I 
system at higher mcthanol ~onccnlrations,' 
Howevcr lhe llulllbe!r of gra/'lil1g silt'" 
increased with graftil}g time in both [Il(' 
cases and thcn level (ilr arter, 5 hrs. 
I 
Rat!' 0( gm/iilfl? (J~p) I 
-['1 I 1e rate of grafting shows Crable 2) 
generally an incrc,ise I wilh time in bOlh 
thc concentrations or !ncthalnol up to 5 Ill'S, 
I 
and then falls olr. The rate of graflinp 
decreases with meth1unol ! concentratiol1'~ 
The 'variations in Rpl valuys at ditTercnt 
time intervals and methanol concentrations 
indicate thatRp dcpcinds, "~'lo a certain 
cxtept, .on time and I also, on -methanol 
concentration. The 10,wcr rate of grafling 
I ' 
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Ph(l[o·illduccd gr:lrl·poIYIllC'l'il.;llillll (II' 
IIl,l110111cr i:-. nol govCI"llcd by tllc irr;ldi;llrJ 
li!~hl 10 11]1: rl':lclioll system hilI hy 
[lie al)sOIhcd lighl, MallY C(1j1~lillll'11I'. 
in the re:lclinn :-,yslclll ahsorh I~:'lil 1'1" 
elilrcrent wavelengths ;lIld thl'lcl'llic r(:lel i~Ji1 
i~ :llkcled by Ihe wdvcil:llgl11 ('I th,: 
:lhslHhed li,l!ill, Tilc si1(lrln lhl' I\;JV,'kI1,'!ili 
i "L' II) Il~! cr I" L' l' 'll' r f ,I' I I r I h c I' Ii \ I I , I 11 • 11111 " 
IillraviuJcI lighl wilil :t :-,illlrln \\,;I'''Ckll!~li;:-, 
I: a.; h i g h IT iI eli \' i I V ' The r c 1'1 ) r I' . i I J.:i ... I II '. 
ahilily to <tCL'Cit'''II\.' IllUlll)llln Pld),111",'I! I f' 
I i I) 11 and p Ii (1[, lilt- g" illh t i 1111 , I ; , 1 II,!' i, ' ,', 
cnngy, thc dcgratiatit"I'1l (If' the I1:1CI\/1I1II:' 
is ilI1l1O>I Jlcgligible and /tCIICe: \'i~ihlr: II)clll 
m:ly ;It!l'ant<tgcously be used rlH )'1:tlliI1g 
villyl monomers [0 prl)tcins sue/t ;IS coll:lgcn, 
Farlicr studies ''','' (11' photochclllicill !:r,!/'I 
polYlllerizatil)1l in thc absence oj' phlltu 
~l'llsitil.crs (In WI.lol, nylon and cl'l illlo"l:· 
i [ld ic,llcd t Ii:t I visi ble I igh t or \'.'a \'l'/c 1l.:'I: I 
helween 30() aJld 3XCI 11111' is vcr\' el/';'vll':': 
ror grafting, compared with light or ~.III)lll'r 
w;(vclcnglhs helow JOO nm wllic/} :-'/}I)\""rI 
vny sllI:"1 percellt grafling, I kilL".' il,I:,,', 
I'rvselll, i,:v('"tig:llillil Illc phlllo,iillllll: d 
graft polymerizalion of MM/\ l() cl,II"I:(,11 
fibrcs was cnrried alit withollt plw[o-
sensitizers by using direct sunlighl wilil'il 
emitted mainly the lighl ur w;l\'clcnt!lil 
longer than 300 11111. 
11~/i'(//'e(1 spec I I'a 
Proor of grafting has been provided by 
infrared spectra (Fig.3). The i nfriln:d 
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(ll ) 
Infrared spectrum of PMMA grafted chains 
isolated from collagen - PMMA gran copolymer 
(at higher methanol concentratioll]. 1) by Rcid 
hydrolysis (2) by pronase digestion 
(b) 
Infrared s[)ectrllJ1] of l'i\1 \1A grant'll chains 
i~olaled from collagen - I'M MA graft copnlYlllcr 
lat lower 111ctha'IOI cOl1centratioll.] I). by at::d 
h)droly~is 2) hy I'rf)lIa~e digc\tion. 
spectra or PMMA side chaills is()I;ltcd 
from graft copolymers by pron;lsc digcSI ion 
were expected to give proor or .cr;lrting. 
\Vhen the prodllct:.; arc I I'll'.: ~~rart 
copolymers, the infrared spectra oj' the 
isolated PMMA side chains will, give 
typical bands of amino acid res'itillcs in 
addition to those or grafted PMMA side 
chains. In the grafted PMM;\ side 
chains isolated hy prollase digestion the 
cllHractcristic absorptioll bands /'01' amide 
groups can be seen (1550and 16(jO em· l ) 
along with absorption bands' for PMMA 
(1730,1450,1150 .and 790 em'). Grafted 
side chains isolated by. ;Icid hydrolysis did 
U:ATJlER SCIENCF, VOl.. 21, 1974. 
not ~h(lw prominent amideabsorptLoll hal1lh 
for reasons explained in carl ier papers," 
c; "l~r/ illg mechallism 
Graft. polymerization without the usc or 
a sensitizer .differs from sensitized gran. 
polymerization.' In the former case 1ii:aft·· 
ing may be initiated by the cxciiation or 
collagen backbone, monomer (MMA) or 
both, and also by subsequent interactiun 
betwee-n excited entities. Accordingly the 
combination of backbone substrate, 
monomer and the' wavelcngth of exciting 
light plays an important role in the graft-
ing reaction. Oxygcr also plays a m:ljor 
role in the grafting 111cchanis111 in the ease 
of nonsel1sitized graft polymerization or 
MMA to collagen. It was reported'~ 
particularly in the regions of longer 
wavelength (sunlight, tungsten lamp) tlwt 
oxygen was. indispensable for the graft 
polymerization. For lhesereasons the. 
present grafting e):{lcrim'::nts were all 
carried out in the oxygen atmosphere. 
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